Rickettsia mooseri infection has been studied in syngeneic guinea pigs inoculated intradermally with the objective of developing a model for the study of immune mechanisms. Characterization of infection included the following: a study of replication, dissemination, and clearance of rickettsiae; measurement of the antibody response with different rickettsial antigens and tests; and attempts to measure the cell-mediated immune response using the correlate of delayed-type hypersensitivity skin reactions. Following intradermal inoculation, rickettsiae replicate locally and then spread to the draining lymph nodes and subsequently cause systemic infection. Spread to draining lymph nodes occurred before the appearance of circulating antibody, whereas systemic infection occurred afterwards. Two distinct patterns of acquired resistance developed. The first was marked by a cessation of rickettsial growth within a given organ and the second by a clearance of rickettsiae. The duration of each of these phases differed markedly from one organ to another. Delayed-type hypersensitivity was not demonstrated by skin testing.
Intraperitoneal (i.p.) inoculation of guinea pigs with blood collected from patients with typhus fever may produce a typhus-like febrile disease in this animal (33) . This susceptibility to infection and the similarities between the histopathology of experimental typhus in guinea pigs and typhus fever in humans (17, 20, 21, 33) led early investigators to employ guinea pigs to propagate rickettsiae (38) and to study treatment (40) (41) (42) (43) and immunity (7, 8, 37, 39, 43) . Thus, the guinea pig is a long-standing host for experimental studies of typhus. One of the results of these early studies was the differentiation of the agent of epidemic typhus fever, Rickettsia prowazeki, from the agent of murine (endemic) typhus fever, Rickettsia mooseri (Rickettsia taphi) (16) . Because R. mooseri produces a more severe disease in guinea pigs than R. prowazeki (36) (23) or bacterial (9) infections, and scrotal reactions are, at times, observed in immune animals (36; J. R. Murphy, unpublished data). Also, changes in ambient temperature (8, 15) and irritation of the peritoneal cavity (23) Rickettsiae were first recovered from skin at the site of inoculation on day 2 (Fig. 1) . From day 2 through day 4 the number of rickettsiae increased, but by day 7 no rickettsiae could be recovered.
A complete quantitative study of viable rickettsiae at the inoculation site on the thigh could not be conducted because of frequent bacterial contamination. However, bacterial colonies which formed within the agar overlay of some of the plaque assays destroyed only the subjacent monolayer and, therefore, estimates of rickettsial content could be made from the monolayer distant from bacterial colonies. The numbers of rickettsiae recorded as recovered from the site of inoculation (Fig. 1 ) represent such estimates.
Rickettsiae distant from the site of inoculation were first detected in the draining inguinal lymph node on day 6 after infection. Rickettsiae in these nodes decreased in number by day 9 and fell below detectable levels by day 15.
Rickettsiae were first detected in the blood on day 9, as the number of recoverable PFU was decreasing in the regional lymph nodes. The number of rickettsiae in whole blood increased slightly through day 12. As in the case of the lymph nodes draining the site of inoculation, no rickettsiae were recovered from whole blood on or after day 15. No rickettsiae were recovered from plasma samples obtained by low-speed cen- trifugation of blood (500 x g, 10 min) which were collected 3, 6, 9, 12, 15, 21, and 28 days after infection.
Rickettsiae were first detected in selected deep tissues, viz., spleen and kidney, on day 9, the first day of detectable rickettsemia. In the spleen, rickettsial content increased slightly through day 12, declined slightly by day 15 , and then fell below detectable levels by day 21. In contrast, rickettsial content of the kidney was near maximum when first detected on day 9 and remained on a plateau near this value throughout the remainder of the 28-day observation period.
(ii) Gross changes. During the course of the infection detailed in Fig. 1 certain gross changes were observed. Thus, the bleb raised by inoculation resolved by 6 h but, beginning at 48 or 72 h, erythema developed about the site of inoculation, progressed to maximal size on about day 5, and thereafter waned. Induration at the inoculation site appeared somewhat later, reached a peak by day 6, and persisted at reduced levels subsequently.
At 24 h after infection, red streaks were observed in skin extending proximally from the site of inoculation. These streaks, interpreted as lymphangitis, suggested an early spread of infection.
Additional gross changes included an increase in mass of the inguinal nodes draining the site of infection from 114 mg per group of nodes on day 3 to 228 mg per group on day 10 14 . All of the tests used showed that antibody titers were highest between 26 and 30 days after infection and then fell slowly.
The battery of tests used to characterize the serological response (Table 1) was found capable ofdifferentiating between the two closely related rickettsiae, R. mooseri and R. prowazeki, from day 8 (microagglutination) and day 12 (CF) through at least 240 days after infection. Moreover, CF tests employing low particulate antigen concentrations were found to be more capable of discriminating between R. mooseri and R. prowazeki than CF tests using high antigen concentrations.
However, in the CF test with both soluble (group) and particulate ("specific") antigens, the (14) and is consistent with the variation in serological reactivity that is associated with a shift in antibody class from immunoglobulin M to immunoglobulin G, as observed following infection of humans with R. prowazeki, as recorded by Murray et al. (19) .
(b) Skin tests. Particulate and soluble antigens were employed for skin tests on days 3, 6, 9, 12, 15, 21, and 28 after infection. No DTH reactions were observed at any time with any of the antigen doses used. After day 9, transient erythematous flares were observed with rickettsial antigens. However, although normal yolk sac suspensions gave negative results through day 9, they also produced thereafter a transient erythematous flare which was maximal at about 6 h and had faded by 24 h. The diluent control (SPG) was consistently negative. Thus, although no DTH response (induration at the inoculation sites attaining a maximum between 24 and 48 h after skin testing) was observed, a transient erythematous skin reaction which attained a maximum about 6 h after skin test was detectable after day 9 with both rickettsial and normal yolk sac antigens. This very likely was an antibodymediated reaction to yolk sac components in both instances and was not specific for R. mooseri.
Sequential evolution of infection at the i.d. site of inoculation, infection in spleen, and antibody response. The preceding experiments ( Fig. 1 and Table 1 ) demonstrated that R. mooseri infection in skin at the site of inoculation progressed and waned prior to the demonstration of systemic infection. Further, systemic infection occurred at about the time serum antibody was detected and progressed for a time in the face of rising antibody titers. However, our failure to recover R. mooseri quantitatively (Fig. 2) .
Thus, guinea pigs were infected Wd. in three sites on the back, each site receiving 8.2 x 104 PFU of R. mooseri. The dynamics of this infection confirmed a sequential evolution and resolution of infection in skin prior to the onset of systemic infection and showed that systemic infection progressed after serum antibody was demonstrable.
Development of resistance to a second homologous i. 
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In contrast to the guinea pigs challenged 3 days after the initiation of the primary infection, guinea pigs challenged on day 5, 6, 9, or 21 displayed a marked capacity to resist the effects of the second i.d. R. mooseri challenge. It is probable that this resistance to second challenge reflects the development of immunity. DISCUSSION Pathogenesis and immunity in rickettsial infections are poorly understood. For example, although the major signs of these infections in vertebrate hosts are well characterized, it is not known whether these are manifestations of rickettsial replication within the affected tissue, rickettsial toxic actions, or, alternatively, immunopathological processes associated with the host response. Similarly, the host defense mechanisms that provide functional immunity have been but partially characterized, and their mech- anisms of action are not fully known. This study was initiated because we believe that definition of the infectious process with respect to proliferation and clearance of rickettsiae will be required for the elucidation of the mechanisms of pathogenesis and of immunity.
After i.d. inoculation, rickettsiae were recovered first from the site of inoculation, then from the draining lymph nodes, and subsequently from deep organs (spleen and kidney). This suggests that infection of lymphatic tissues may be important in the pathogenesis of infection. Because the blood-borne rickettsiae identified in this study were (22, 26, 34, 35, 42) . In the present studies, no direct evidence of antibody-mediated protection was obtained. Thus, rickettsial proliferation in the cutaneous inoculation site was controlled before serum antibodies were detectable, whereas the infection cycle in certain distant organs, e.g., spleen, was initiated and completed in the face of substantial quantities of circulating antibody. However, it is suggested that antibody may have contributed to the failure to observe rickettsiae in the plasma fraction of whole blood.
A thymus-dependent immune response was not detected in R. mooseri-infected guinea pigs by one of its correlates, i.e., the DTH reaction. However, our failure to demonstrate DTH does not preclude a function for cell-mediated mechanisms in the control of R. mooseri infection.
Indeed, other studies (J. R. Murphy and C. L.
Wisseman, Jr., Fed. Proc. 34:1026, 1975 ) demonstrated that splenic cells, but not antibody, collected from guinea pigs that had recovered from R. mooseri infection possessed capacities to protect, by adoptive immunization, normal syngeneic guinea pigs from id. R. mooseri infection. This study suggests that the thymus-dependent immunity is effected in the absence of a DTH response.
Evidence from numerous experimental systems suggests that functional immunity to rickettsial infections is effected by more than one element of the host defense capacities. The present study suggests that the determination of the relative importance to protection from infection, and the mode of action of the various defense mechanisms, may be approached directly by determining their effect on the growth or clearance of rickettsiae. 
